ABSTRACT Adopting underwater mud-penetrator to thread the steel wire is one of the important steps in the current wreck salvage process, which is safer and more efficient than threading with manpower by the diver. This paper first establishes the kinematics model of the underwater mud-penetrator in the inertial coordinate system and discussed the drill steering mechanism and force characteristics under the nonlinear coupling interaction between drill bit, drill pipe, and seabed geology. Based on the Newton-Eulerian method, the nonlinear dynamic model of mud-penetrator is established, and the influence of guiding angle, geological features, and propelling force on steering process is analyzed through simulation. The simulation results show that the steering process of underwater mud-penetrator is the compound movement of the drill bit translation and deflection. The reduction of the guiding angle and the increase of the propulsive force can effectively improve the guiding ability of the non-excavation drill bit. As the guiding angle decreases pi/12-pi/15, the deflection angle of the drill bit is increased by 2 • -3 • , and as propulsion increases 500 N, the deflection angle of the drill bit is increased by 3 • . The area of the guiding plate also has a great influence on the guiding ability of the drill bit, and the deflection angle is inversely proportional to the area of the drill guiding plate. The deflection angle is more sensitive to soft geological changes. The simulation results are of great significance help to understand the process of drilling guidance process for wrecking and salvaging, and it can help to improve the threading success rate and salvage efficiency.
I. INTRODUCTION
With the increasing global marine economic activities, the number of sea wrecks is rising, and the difficulty of salvaging the wreck is gradually increasing [1] , [2] . Threading steel wire is a key link in the process of wreck salvage [3] - [5] , which is used to supply supporting force of steel wire to lift the wreck as shown in Fig. 1 . However, among the several salvaging steps threading steel wire is most time-consuming, which often accounts for more than half of the salvage period [6] . The success of salvaging shipwreck operations is closely related to the efficiency, quality and precision of threading wire [1] , [6] .
However, in some wrecking salvage project, the task of threading the steel wire is still completed by the diver underwater with manpower, and the work efficiency is low, the work accuracy is poor, the safety of the diver cannot be guaranteed. Underwater mud-penetrator is development of non-excavation technology which is designed for the underwater engineering especially for the threading steel wire of salvage project. With the development of non-excavation technology, underwater mud-penetrator can be used to complete the threading task [7] , [8] instead of diver, which can improve the efficiency of the threading, shorten the construction period, and increase the success rate of salvage shipwreck salvage so as to better cope with the unexpected events such as sinking at sea.
However, the underwater movement of the drill bit of mudpenetrator is very complicated, and steering process is a strongly nonlinear system with the features of complex structure and strong coupling with mud and drill pipe. In order to complete the threading task under different seabed geological conditions, it is necessary to accurately predict and the motion of the drill bit [9] , give full play to the drilling guidance ability, and achieve precise control of the optimal threading trajectory. First importantly, an accurate and nonlinear drill guiding dynamics model needs to be established to achieve these requirements [10] , [11] .
The numerical simulation is used to study and verify the drilling mechanism of the drill bit under static and dynamic loads, and fully understand the real-time interaction between the drill bit and the rock [12] , [13] , so as to clarify the change of soil resistance [14] and resistance torque [15] when the drill bit is drilled. However, the drilling guidance mechanism and the force of the drill bit are directly related to its structure, due to the different structure of the non-excavated drill bit, the soil resistance and guiding mechanism still need further research. Thereby accurately calculating the variation law of the resistance during the drilling process.
The establishment of the PDC drill bit dynamics model is more reflected in the study of the dynamic model of drilling and vibration [16] - [19] . The mathematical modeling is done by Lagrange equation, the drilling vibration stability [20] and control method of the drill bit [21] are analyzed, and the correctness is verified by experiments [22] . However, the structure and guiding mechanism of the underwater mudpenetrator drill bit are different, and the Lagrangian modeling method is not clear enough to describe the specific force change and motion law of the drill bit during the guiding drilling process, the Newton Euler dynamics method needs further research to clarify the entire guiding process of the drill bit considering the nonlinear coupling interaction between drill bit, drill pipe and seabed geology.
In addition, the wear characteristics of the drill bit are also studied, which has reference significance for its structural design [23] , [24] and material selection [25] , [26] . Studying the guiding mechanism, statics and dynamics of underwater mud-penetrator drill bits, all in order to precisely control the drill bit [27] - [32] by adjusting the electro-hydraulic drive system of the non-excavation drilling rig [33] - [35] to match our pre-designed drill bit moving trajectory.
Within this paper, the guiding mechanism of the drill bit is analyzed according to its structure shape, discussing the interaction force between drill bits, drill pipe and seabed geology, and establishing the drill bit guiding dynamic model considering drill pipe stiffness and varying soil resistance by using the Newton-Eulerian dynamics method. By establishing the model, the direction change of the drill bit movement can be completed, thereby controlling the threading trajectory to conform to the optimal trajectory determined according to the seabed geological conditions. And we can have a clear grasp of the trajectory law and mechanical properties of the drill bit when guiding, the mathematical model was simulated by MATLAB/SIMULINK to verify its correctness, the obtained results fully reflect the force condition and motion law of the drill bit during the guiding process, which can be used as a reference for the control of the trajectory of the nonexcavation drill bit, and also has reference significance for improving the guiding ability.
II. DRILL GUIDING PRINCIPLE
There are two working states when the underwater mudpenetrator is used to thread steel wire: the drill bit only advances but does not rotate, and the obtained threading trajectory is a curve; the drill bit advances and rotates, and the obtained trajectory is a straight line. This paper aim at the steering process dynamic model of the drill bit under the action of propulsive force, and the working principle of the drill guiding process is shown in Fig. 2 . Under the action of the propulsive force, the drill bit will translate downward along the guiding plate, as the soil depth of the drill bit increases, the soil resistance increases. When the propulsion force is less than the soil resistance, the translation speed of the drill bit is reduced to zero, and the equilibrium state of the translational motion is reached. As the translational movement of the drill bit progresses, the drill pipe will deform and generate the torque, and the sum of the rotational torque generated by the deformed drill pipe and the propulsion torque is greater than that of the soil resistance torque, the drill bit begins to rotate. At this time, the soil extrusion force appears in the form of an additional rotational resistance moment and increases as the soil deformation increases, Moreover, due to the rotation of the drill bit, the deformation rate of the drill pipe is reduced, it reduces the torque of the drill pipe, when the rotational torque is less than the rotational resistance torque, the rotational speed of the drill bit is reduced to zero and reaching the equilibrium state of rotation. The state of the motion at the beginning and end is shown in Fig. 2 .
The essence of this movement is the nonlinear coupling interaction between drill bit, drill pipe and seabed geology, the time during which the translational and rotational motion of the drill bit overlaps is related to the propulsive force, VOLUME 6, 2018 the stiffness of the drill pipe, the connection mode of the drill pipe and the properties of the soil itself, such as the internal friction angle. As can be seen from Fig. 2 , the maximum angle of rotation of the drill bit is limited by the drill guiding angle and the drill pipe.
III. MATHEMATICAL MODELING FOR GUIDING SYSTEM
A. BASIC ASSUMPTIONS 1) The soil has a uniform distribution and does not collapse after the drill bit is drilled into the hole;
2) The drill bit motion is a two-dimensional plane during a single guiding process, so the space guiding process is simplified into a multi-stage two-dimensional plane guiding process;
3) The drill pipe is continuous and guaranteed to be applied stable bit propulsion.
B. KINEMATIC MODELING
In this paper, we study the dynamics modeling of drill bit guidance and establish two right-handed coordinate systems: one is a fixed coordinate system (referred to as ''fixed system''), also called inertial coordinate system, fixed to the Earth; the other one is the motion coordinate system (referred to as ''moving system''), also called the following coordinate system, fixed to the drill bit, moving with the drill bit, the coordinate system is established as shown in Fig. 3 . Fixed coordinate system E − ξ ηζ which is the inertial coordinate system fixed on the earth, used to determine the position, velocity and posture of the drill bit in the fixed system; the motion coordinate system G-xyz that is fixed on the drill bit and moves with the drill bit, and can represent the six degree freedom movement of the drill bit when it is threaded in the soil under the seabed shipwreck.
The coordinates (ξ, η, ζ ) of the origin G of the following coordinate system in a fixed coordinate system, real-time indicates the specific position of the drill bit during the threading, the speed and acceleration of the drill bit under the fixed system; the angle value (φ, θ, ψ) of the fixed coordinate system relative to the following coordinate system indicates the real-time posture angle of the drill bit during the drilling process. Through the transformation, the real-time angle, the angular velocity and the angular acceleration of the drill bit in the inertial coordinate system are known. The parameters are defined as shown in Table 1 and Table 2 [36]- [39] . The description of the spatial motion of the drill bit when the drilling is generally expressed by the Euler angle method, the coordinate transformation relationship of the moving coordinate system of the drill bit to the fixed coordinate system is related to the three posture angles φ, θ, ψ of the drill bit, so the following state quantity is defined. The position and posture vector of the drill bit under the fixed system is:
The linear velocity and angular velocity vector of the drill bit under the dynamic system are:
The force and torque of the drill bit under the dynamic system are:
1) LINEAR VELOCITY CONVERSION MATRIX
The conversion equation of the drill bit at the speed of the fixed line to the speed of the moving system is as follows:
where J 1 (η 2 ) −1 is the speed conversion matrix, which can usually be obtained by three rotation transformations around the coordinate axis (5), as shown at the bottom of the next page.
Through this matrix, the velocity of the system can be expressed by the fixed physical quantity:
The angular velocity conversion matrix of the angular velocity of the drill bit on the fixed coordinate system to the following coordinate system is:
where J 2 (η 2 ) −1 is the transformation matrix from the fixed system to the moving system.
Through this transformation matrix, the angular velocity of the moving system can be expressed by the fixed physical quantity:
The threading movement process of the underwater guiding drill bit is very complicated, the precise study of this process needs to fully consider the nonlinear coupling between the drill bit, the drill pipe and the seabed geology, and also needs to clarify the other interference that the drill bit receives when guiding, only in this way can a realistic nonlinear dynamic model be established. Firstly, the force analysis of the drill bit is completed, and the influence of the interaction between the drill bit and the surrounding soil under the action of the force is clarified. Soil mechanics foundation: The soil reaches the limit equilibrium state, at the time, the ratio of the maximum and minimum principal stress of the plane principal stress is a certain value, and the magnitude of the ratio is determined by the internal friction angle ϕ of the soil and the C adhesion coefficient [40] , [41] .
where K p is the soil pressure coefficient, σ max and σ min are the maximum and minimum principal stress.
For the static analysis of the drill bit, the force synthesis chart is shown in Fig. 4 . 1) Passive soil pressure σ max acting on the front side of the guiding plate, the resistance formed is P 1 , the axial component resistance is P 1x , and the vertical component resistance is P 1z [41] , [42] .
Force size:
where L and B is the guiding plate length and width, γ is the soil severity, C is the cohesion of the soil, and α is the guiding angle.
2) The soil rises along the guiding plate, and the frictional resistance generated by the blade is P 2 , the axial component resistance is P 2x , and the vertical component resistance is P 2z .
whereµis the friction coefficient of soil and steel, ϕ is the friction angle of soil.
3) Passive soil pressure σ max acting on the side face of the guiding plate, the resistance formed is P 3 , the axial component resistance is P 3x , and the vertical component resistance is P 3z .
where h is the thickness of the blade.
4) The propulsive force F formed by the non-excavation drilling rig hydraulic system acting on the drill bit has an axial component of F and a vertical component of 0.
5) The resistance generated by the soil pressing force generated by the guiding process is P 4 and P 5 , the two are respectively the soil pressing force generated by the translational and rotational movement of the drill bit, the axial component resistance is P 4x and P 5x , and the vertical component
resistance is P 4z and P 5z .
where S is the translation distance of the drill bit, θ is the rotation angle of the drill bit, k 1 , k 2 and k 3 are constant. When the drill bit is subjected to horizontal and rotary motions under the action of propulsion, the seabed geology can be regarded as being squeezed in two directions, and the soil will be deformed to generate a nonlinear soil resistance to react to the drill bit, and the two interact and influence each other.
6) The torque M generated by the deformation of the drill pipe is related to the stiffness, deformation rate and drill pipe connection method. Torque and propulsion torque act on the drill bit to rotate, and in the process of rotation, it is always affected by the opposite effect of soil resistance until it reaches a state of stress balance, the interaction between the three causes the drill bit to complete the guiding process.
The soil extrusion force increases with the increase of soil deformation, which is related to the penetration distance, rotation angle, soil friction angle and Poisson's ratio of the drill bit, and the application of the drill guiding angle will decompose the propulsion force and the soil resistance along the axial direction and perpendicular to the axial direction can be obtained:
= F − P 1 sin α−P 2 cos α−P 3 cos α−P 4 cos α−P 5 sin α (16) τ z = P 1z − P 2z − P 3z − P 4z + P 5z = P 1 cos α−P 2 sin α−P 3 sin α−P 4 sin α+P 5 cos α
where τ M is the torque around the y axis, when the drill bit only advances and does not rotate, under the action of the propulsive force F, it will rotate a certain angle around point G in the Fig. 3 , re-adjust the posture of the guiding plate and the movement direction of the drill bit, thereby controlling the drilling trajectory to match the pre-designed optimal trajectory of the design, and completing the task of changing the drilling direction of the drill bit. τ M can be obtained from the above -mentioned resistance, propulsive force and torque M generated by the deformation of the drill pipe. According to the size of the drill bit defined in the AutoCAD diagram, the counterclockwise torque is positive value and the clockwise torque is negative value.
2) DRILL GUIDING DYNAMICS
Assuming that the drill bit is a rigid body, the Newton's motion equation of the rigid body can be expressed as follows [43] - [45] :
where m is the drill bit quality, r G = (x G , y G , z G ) T is the barycentric coordinates of the drill bit in the motion coordinate system, τ 1 and τ 2 are the external force and external torque, I 0 is the drill bit moment of inertia matrix. Firstly, the steering of the drill bit in the two-dimensional plane is studied, and then the rotation of the drill bit is applied to the guidance of the drill bit in the three-dimensional space, and it is assumed that the center of gravity of the drill bit does not coincide with the origin of the following coordinate system. Therefore, the above formula can be simplified.
In the following coordinate system, the angular velocity can be converted into the physical quantity in the inertial coordinate system by the transformation matrix, and Eq. (6)-Eq. (9) can be substituted into the above Euler dynamics formula.
Suppose x 1 is the position ξ of the drill bit in the fixed coordinate system in the soil, x 2 is the position ζ , x 3 is the speed v ξ moving along the ξ axis, x 4 is the speed v ζ moving along the ζ axis, and x 5 is the angle θ around the η rotation, x 6 is the angular velocity q around the rotation of η.
Simplify the drill guiding dynamics model: 
where τ x , τ z , τ M is substituted by Eq. (16), Eq. (17) and Eq. (18) respectively, theẋ 3ẋ4 andẋ 6 three equations simplification can be used to obtain the drill guiding dynamic model, if the center of gravity of the drill bit is at the coordinate origin(x G = z G = 0), then the kinetic equation can be obtained by simplification formula Eq. (22).
IV. SIMULATION ANALYSIS A. DRILL GUIDING PROCESS RESULTS
The geological conditions: Soil cohesion is 15000P a , Soil severity is 19000N/m 3 , soil internal friction angle is 19 • , soil pressure coefficient is K p = 1, guiding plate angle is 30 • , propulsion is 3000N. The drill bit guiding motion diagram is drawn by integrating the abscissa, ordinate and rotation angle of the drill bit. The simulation result is shown in Fig. 5 . The position coordinates of the drill bit at any time can be known, Through the angle change of A 1 A 2 A 3 A 4 , the rotation angle of the drill bit at every moment and the threading direction of the next stage can be known. The specific movement situation: The drill bit begins with the resultant motion that is synthesized along the translation of the guiding plate and the rotation around the coordinate axis. When the drill bit is moved to a certain depth, the translation stops, and the drill bit is deflected by a small angle with respect to the initial position, the drill pipe begins to bend and deform, generating a torque M , and then the drill bit rotates under the influence of propulsive force and drill rod torque, when the rotation reaches a certain angle, the rotation stops. In the process, the rotation angle of the drill bit is significantly increased with the previous process, and the deflection guidance of the drill bit mainly comes from this process.
B. GEOLOGICAL CHANGE INFLUENCE RESULTS
Under the condition that the propulsion force is un-changed at 3000N, when the geological change from soft to hard, we can know the influence of geological change on the translational and rotational guidance of the drill bit. For the translation we choose the soil resistance as the research object, for the rotation we choose rotational angular velocity as the research object. Simulation results is showed in Fig. 6 and Fig. 7 .
It can be seen from Fig. 6 and Fig. 7 that as the drill bit is drilled and rotated, the depth of the soil is increasing, and the soil resistance is continuously increased, the soil pressure on the front of the guiding plate is 1412N, which is the dominant part of the resistance, and it starts to increase from 1225N, the largest increase, the blade friction is 387N, the value is small and the increase is not big. When the seabed geology changes suddenly in 0.2s, that is, from soft to hard, for the translation, the threading speed of the drill bit decreases, and the soil depth increases per unit time, resulting in a decrease in the resistance growth rate, the time required to reach the bit balance state is reduced. When the seabed geology changes in 0.5s, the rotational resistance torque of the bit rotation significantly increase for the rotation, and the decrease in angular acceleration results in a decrease in the angular velocity growth rate. In order to obtain the best drill guiding effect, we should explore the actual seabed geology of the shipwreck in advance and design the optimal trajectory of the drill bit threading wire to prevent the geological change from causing the drill to vibrate, thus affecting its guiding effect.
C. DRILL GUIDING ANGLE INFLUENCE RESULTS
The geological and propulsive conditions are the same as A. Using the pi/4, pi/6, pi/10 guiding angle drill bit to study the influence of different steering angles on the rotation guiding ability. The simulation results are shown in Fig. 8 .
It can be seen from Fig. 8 that in the case of the same seabed geology with the same propulsive force, with the decrease of the soil guiding angle, the rotation angles of the drill bits are 15.6 • , 18.3 • , 20.6 • , it respectively increased, and the guiding ability is enhanced. Time the drill guiding angle decreases pi/12-pi/15, the angle increases 2 • -3 • , and within a certain range, the two are proportional. It is necessary to design the drill with the optimal guiding angle according to the actual working conditions, so as to better control the drill guiding so as to basically conform to the optimal trajectory designed.
D. PROPULSION INFLUENCE RESULTS
Under the same geological conditions, the propulsive force of 2500N, 3000N, 3500N was applied to the drill bit to study the influence of the drill movement law, guiding ability and force variation. The specific simulation results are shown in Fig. 9-Fig. 12 . It can be seen from the results that as the propulsive force of the drill bit increases, the initial acceleration and the angular acceleration become larger, so that the translation distance and the rotation angle increase continuous, and the translation distance X is 11.2cm, 14.1cm, 16.8cm respectively, the translation distance Z is 6.5cm, 8.2cm, 9.5cm, the maximum horizontal velocity is 1.57m/s, 1.95 m/s, 2.33m/s, the maximum vertical velocity is 0.90m/s, 1.13m/s, and 1.33m/s respectively. As seen from the rotation angle diagram that the drill bit does not start to rotate immediately, as the drill bit moves along the guiding plate, the drill rod is deformed to generate a torque When the rotational torque formed by the propulsive force and M is greater than the rotational resistance torque, the drill bit begins to rotate, As the soil extrusion deformation increases and the depth of the bit increases, the soil resistance increases continuously, and the acceleration and angular acceleration decrease first and then increase in the opposite direction until the equilibrium state of zero speed and angular velocity is reached. At this time, the rotation angle of the drill bit is 9.5 • ,12.5 • , 15.8 • respectively, the maximum rotational angular velocity is 10.4 degree/s,13.5 degree /s,17.2 degree /s, for every 500N increase in propulsion, the angle increases 3 • and it is the proportional relationship between the two within a certain range.
Different propulsive forces produce different coupling effects; Therefore, the propulsion force should be reasonably applied to guide the rotation of the drill bit, and the monitoring device is used to monitor the progress of the entire guiding process, the time during which the translational motion of the drill bit overlaps with the rotational motion is related to the magnitude of the propulsive force [46] , the stiffness of the drill pipe and the soil properties of the seabed.
E. DIFFERENT GEOLOGY RESULTS
In the simulation, soft seabed geology: soil cohesion is C = 2000P a , internal friction angle is 36 • , middle seabed geology: is C = 50000P a , internal friction angle is 25 • , hard seabed geology: soil cohesion is C = 100000P a , internal friction angle is 16 • .
In different geological conditions of the seabed, 3500N propulsion force is applied to the drill bit to study the influence of the drill bit on the threading distance and the rotation angle, as is shown in Fig. 13 and Fig. 14 . It can be seen from Fig. 13 and Fig. 14 that under the same propulsive force, as the geology becomes harder, the soil resistance becomes larger, so that the initial acceleration and the angular acceleration are smaller, the moving distance and the rotation angle of the drill bit is reduced, and the translation distance X is 27.3cm, 8.4cm, and 3.7cm respectively, the translational distance Z is 13.0cm, 4.8cm, and 2.2cm respectively, the hardening of the geology also causes the drill bit to reach an equilibrium state with zero speed and zero angular velocity earlier, in this time, the angles is 19.2 • ,5.8 • , 3.3 • . For the first 48000 P a soil cohesion changes, the rotation angle changes 13.4 • , and the next 50000 P a soil cohesion changes, the rotation angle changes 2.5 • , it is known that the bit deflection angle is more sensitive to softer geological changes.
The drill bit threads in different geometries, which creates the different coupling effects between the drill bit, the drill pipe and the soil. Therefore, in designing the optimal trajectory of the drill bit to thread steel wire, it is necessary to explore the geological conditions of the seabed, so that the drill trajectory is as far as possible in the soft seabed geology [47] , improve the guiding ability of the drill bit, only in this way can the drill be controlled more easily and the work efficiency is improved.
F. DIFFERENT GUIDING PLATE AREA RESULTS
Under different guiding plate area, apply 3000N propulsive force to the drill bit, and study the movement process of the drill bit such as: threading distance and rotation angle and angular velocity, guiding ability, and force variation. The area of the drill guiding plate is 0.00625m 2 0.0125m 2 0.025m 2 0.0375m 2 0.05m 2 , the research result is shown in Fig. 15-Fig. 17 . According to the analysis of the Fig. 15-Fig. 17 , as the area of the drill guiding plate increases, the soil resistance and friction force of the drill bit increase continuously, the maximum soil resistance is 316 .9N 633.3N 1263.7N 1891.2N 2515.7N , the maximum friction force is 83 .3N 166.4N 331.7N 496.1N 659.2N respectively. Due to the increase of soil resistance, the horizontal moving distance and the vertical moving distance of the drill bit are reduced, and the horizontal moving distance is 0.156m 0.151m 0.141m 0.131m 0.120m, the vertical moving distance is 0.090m 0.087m 0.081m 0.075m 0.069m respectively. The rotating resistance torque of the drill bit is increased, so the rotation angle is decreased, the guiding ability is decreased, and the angle values are 16.9 • 15.4 • 12.6 • 9.6 • 6.7 • respectively.
The difference in the area of the guiding plate causes the difference in the structure of the drill bit, which in turn causes the coupling between the drill bit, the drill pipe and the soil to be different, so that the drill guiding ability changes. The area of the guiding plate has a great influence on the guiding ability of the drill bit, the area of the guiding plate is twice the original, and the reduction of the drill bit rotation angle is also doubled. Therefore, in order to ensure the guiding ability of the drill bit, it is necessary to reasonably reduce the area of the guiding plate so that the drill bit can rotate as many angles as possible under the same propulsive force, but the strength requirements of the structure and the actual work requirements need to be met [48] .
G. THREE-DIMENSIONAL SPACE DRILLING TRAJECTORY
By changing the posture of the guiding plate in threedimensional space by the rotation of the drill bit, and applying the above dynamic modeling formula, the dynamic modeling and rotation guidance of the drill bit in three-dimensional space can be realized.
V. CONCLUSION
In this paper, the nonlinear dynamic model of underwater mud-penetrator under varying soil resistance is firstly established by Newton's Euler dynamic equation, and the simulation results are analyzed help to describe the movement of the steering process of drill bit. The research work lay a foundation for the precise threading trajectory control of underwater mud-penetrator. Related conclusions are as follows:
1) The guiding process of underwater mud-penetrator can be regarded as the resultant movement of the drill bit along the guiding plate and the rotation around the coordinate axis. The specific overlap time of the two movements is connected with the propulsion force, the drill pipe stiffness and the seabed soil etc. The essence of the drill bit rotation is that the superposition of the propulsion torque and the deformation torque of the drill pipe is greater than soil resistance torque, the maximum value of the rotation angle is related to a number of factors, such as drill pipe stiffness, drill guiding angle, propulsion and subsea soil properties.
2) The deflection angle of the drill bit can be regarded as proportional to the guiding angle and propulsion force within a certain range, for each pi/12-pi/15 reduction of the drill bit guiding angle, the deflection angle is increased by 2 • -3 • , for each 500N increase in propulsion, the deflection angle of the drill bit is increased by 3 • . The area of the guiding plate has a great influence on the guiding ability of the drill bit, the area of the guiding plate is twice the original, the reduction of the drill bit rotation angle is also doubled. In addition, the deflection angle of the drill bit is more sensitive to softer geological changes, with the soft geological and hard seabed geology of the same variation range, the deflection angle of the drill bit is more obvious under soft geological conditions.
3) Before the non-excavation drilling rig is used to thread steel wire, firstly explore the seabed geological conditions, design the optimal trajectory of the drill bit to thread wire. Then design the drill bit structure with different guiding angles, so as to have different guiding ability. Use the appropriate material and connection method of the drill pipe according to working conditions, thereby maximally increasing the rotational torque of the drill bit. Finally use the appropriate size of propulsion according to the geological conditions and simulation results. The above measures can give full play to the guiding ability of the drill bit. 
